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is excessive. Of course the greater length of their circuits is one
reason for this, and another their closed circuit system of working.
In determining the question of introducing magneto machines, it
is simply a matter of pounds, shillings and pence; of coal versus
zinc; and it is quite possible, with carelessness and waste, to
consume so much zinc that the use of coal would become eco-
nomical. But it should be remembered that in a battery the whole
of the energy of the zinc is usefully consumed ; in an engine of the
very best type it is only possible to use about ten per cent, of the
energy of the coal. Batteries such as we use in England require
little attention; with engines there is a necessity for constant
supervision. A battery is silent and motionless, while an engine
is noisy and full of friction. A battery eats only when it is
hungry: an engine is always hungry and is always eating. A
battery is constant and regular,. while an engine is variable and
uncertain. The result is that where batteries are economical in
their consumption and properly worked, then it is a very easy
thing to show that it is far more economical and efficient to work
a station by means of batteries than by means of engines. It is a
subject which received very careful attention from the Post Office
some seven or eight years ago, but which, owing to the recent
prominence given to it by the Western Union Company, has led
some people to imagine that again our Yankee friends are ahead
of us, and that in using magneto-electric currents they have made
a fresh start and shown us a new path; but I can assure the Society
that if it had been found eight years ago that there was any
economy or advantage in using the Gramme or Siemens' machine
at the Central Station the system would certainly have been adopted.
Before sitting down, I propose a vote of thanks to Mr Eden for the
paper which he has kindly furnished us.

Seconded by Mr. Willoughby Smith, and carried.

The SECRETARY then read the following paper :—

COMPENSATING INDUCTION IN PARALLEL WIRES.

By CHARLES H. WILSON, Chicago.

I HAVE read with much interest the researches of Professor Hughes,
elaborated in his paper on " Induction," which has been presented
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and discussed before the Society of Telegraph Engineers, and I
have had an earnest desire to acknowledge to him the kindly
manner in which he afterwards noticed my efforts, and credited to
me what I have accomplished.

I am to-day in receipt of the latest number of that Society's
Journal, and notice in its records a detailed account of the
discussion.

Professor Hughes in referring to my system for compensating
induction, says—"Mr. Chas. H. Wilson's very beautiful and
superior arrangement will perfectly compensate for two lines.
The arrangement I propose will compensate for all lines, each
adjacent wire being perfectly free from induction."

In the respect of my plan being applicable to two lines only, I
fear the Professor is labouring under a misapprehension. In the
brief article which I prepared for the American Electrical Society,
and from which all of the printed accounts of my invention were
taken, I did not think it necessary to describe the arrangement
any further in detail, but now I see that it would have been more
favourably considered if I had done so.

There being no difference in the general plan whatever, when
more than two lines are compensated for, any description of this
nature was thought superfluous.

When several different lines are to be compensated, in practice
we balance, or equate, two of them without regard to the others;
after this has been done one of these and a third are adjusted, and
so on until all the wires are similarly treated.

My arrangements differ slightly according to circumstances,
being adapted to the precise conditions of the lines from which the
interference arises. Between Ogden (Utah) and Cheyenne
(Wyoming), a distance of over five hundred (500) miles, we work
three wires duplexed, two of them on the polarized relay or double
current plan, and the third in the ordinary manner, with a neutral
relay.

The " differential" duplex is used on the lines of the Western
Union Co. exclusively.

In .consequence. of the wires .all being of the. same. gauge, and
in pther respects very similar to each other, a very simple arrange.
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ment is employed, which is shewn in the following symbolical
diagram, by which it will be seen how closely the inductive action
of the three lines is imitated with reference to the return current.
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The three condensers C, C, and C, are connected around the
main rheostats of the respective sets of instruments, and with the
rheostats form their " artificial lines."

Condensers Cx, C2, and C3, in combination with resistance coils
of 10,000 ohms, are used to balance the return induced current.

You will notice that each artificial line has two active condensers ;
the third always remaining neutral when the first and second
charge and discharge. The two active condensers of each set of
duplex, discharge respectively, into the " artificial lines " of the
other two sets, while the inactive condenser, owiDg to the potential
of its two sides being equal, remain silent.

Suppose, for illustration, a current is sent out (or the battery
already on the line, reversed), upon the wire which in the diagram
I have termed " Polar B," then, that part of the current from the
battery which passes through the " artificial line " of this set will
charge the plates of condensers Qv and C2 to a certain potential
depending upon the capacity of the condensers, the electromotive
force of the current flowing, and the resistance of the artificial
line; and, as a consequence, momentary currents will issue from
the other plates of the condensers, and a portion of these currents
will flow through the second coil of the differentially wound relays.
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It is obvious that when that portion of the condenser discharge
flowing through any relay is made equal to the return induced
current coming back simultaneously through the other coil of the
same relay, the resultant action upon the magnet core will be nil,
and practically neither the induced currents from the line, nor
that from the condensers, will be perceptible. When the above
action takes place and condensers Cx and O2 charge, it might pro-
perly be said that C3 would be in the " bridge," and in consequence
of the " four sides " having the requisite values to satisfy Wheat-
stone's equation, in a neutral position regarding the currents under
consideration.

In reference to the conditions involved in the charging of the
condensers, I have underlined a portion of the sentence, " and
the resistance of the artificial line."

I wish to call particular attention to this factor in the essential
adjustment of the apparatus.

It plays a part in the practical working of my apparatus which
at first thought may appear but a trifling matter, but after a
moment's reflection upon the everyday working of wires, with con.
tinually varying atmospheres of escape, I doubt not that a point
which has been of so much importance to us will be appreciated.

Duplexes are necessarily re-balanced with every atmospheric
change that materially alters the apparent conductivity resistance
of the wires, in order that the conditions of the artificial line will
be made to conform closely with those of the actual line.

Now, if it were found Decessary to increase the delay already
occasioned in balancing by further necessities of the same nature
arising in the induction apparatus, the time lost would be more
than trebled and this would be greatly to the detriment of business.

In all of the induction apparatus we have in use the adjustment
required is only occasional; the ordinary changes in the ' ' artificial
line" circuit, necessarily made from time to time, also suffices for
the induction condensers. When, it matters not from what cause,
a line is more heavily laden with escape, and as a consequence the
return currents diminish in magnitude, to avoid interruption from
the passage of the outgoing currents the resistance of the rheostats
forming a part of the " artificial lines " is diminished.
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The effect of the diminution of this resistance lessens the
inductive action of the condensers in two ways; first, by lowering
the potential of the "artificial line", at the point of contact
where the condensers receive their charge ; secondly, by increasing
the conductivity of the derived circuits which act as shunts to the
helices of the relays, with reference to the currents coming into the
artificial lines from the condensers when the latter are acted upon.

This feature, I think, does not exist in any other form of
induction compensating apparatus that has come under my
observation.

Professor HUGHES : The description of Mr. Wilson's arrange,
ment, as given in Mr. Prescott's book, describes only its application
to two lines, and I thought very highly of the arrangement, not-
withstanding the fact that if used for several lines, such as ten, it
would become too complicated to be of real service. (Professor
Hughes here explained by a diagram on black board the difficulties
arising when attempting to compensate for induction on several
wires.) Mr. Wilson has a great many condensers in his three
wire arrangement, but, as I have just explained, for a line of ten
wires something like forty-five compensating condensers would be
required. It was this multiplication of condensers that compelled
me to be cautious in saying that " with two lines it would be a
beautiful and perfect arrangement," but with any number of wires
greater than two the matter becomes very complicated.

Professor AYRTON : It occurs to me that Mr. Wilson intends
to refer to the compensation of electro-static induction, whereas
Professor Hughes' remarks refer to electro-magnetic induction.
With either kind of induction the effect would be the same at the
sending station. A positive current passing along a line connected
at the other end to earth would charge that wire positively, and
consequently there would,- due to electro-static induction, be a rush
of negative electricity into any neighbouring wire from both ends.
The same effect, as far as the sending end is concerned, is produced
by electro-magnetic induction. If a positive current is sent along
a wire an opposite current is set up in the neighbouring wire, that
is, negative electricity rushes into the neighbouring wire at the


